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  ABSTRACT  
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 The methylation of the promoter TP 53 was examined in fresh biopsies of 

sporadic breast cancer in Moroccan women with HPV infection. This 

study was performed on 50 patients. The samples treated with bisulfite 

followed by MSP with methylation-specific primers. HPV research 

performed by a nested PCR. Studies indicated a high frequency of 

methylation in HPV-associated cases (72%) and not significant p53 

promoter methylation profile (78%). Methylation of the p53 gene 

promoter in combination with direct HPV infection affects the likelihood 

of breast cancer. 

 

 

 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. INTRODUCTION 

The P53 protein was discovered in 1979, encoded by a tumour suppressor gene (TP53), plays the role of a 

transcription factor that activates the expression of genes blocking the cell cycle in the G1 and S phases 

(Figure 1). Thus, it activates the genes ensuring the repair DNA and activates apoptosis when the alteration 

of the DNA is too important. 
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Figure 1: Role of p53 in cell cycle. 

 

However, the expression of the TP53 gene will be restricted by the addition of a methyl group that is 

required on the DNA sequence without causing a modification; these are the epigenetic mechanisms [1]. 

 

Epigenetic instability is a change in gene expression that is not directly related to the DNA sequence. 

Methylation occurs primarily during the S-phase of the cell cycle and is based on covalent fixation of 

methyl groups (-CH3) to nitrogenous nucleosides (around dinucleotide CpG). In the human genome, about 

70% of CpG islands have a methyl group attached to cytosine, however, this process does not occur in areas 

essential for basic processes this explains why the CpG islet located at the ends of the gene-promoting 

regions. It should be noted that the gene is silent by the methylation of the promoter for the development of 

cancer. Methylation of the TP53 sponsor region was reported in several tumours [2]. The wild-type p53 

gene has tumor suppressor properties, and is a target for many of the oncoproteins encoded by DNA tumor 

viruses, such as HPV. The E6 degradation promoted from p53 is ATP dependent and involves the protease 

system dependent on ubiquitin. Selective degradation of cellular proteins such as p53 with negative 

regulation functions provides a new mechanism of action for oncoprotein dominance. HPV oncoproteins E6 

and E7 target tumor suppressor genes p53 by ubiquitin degradation and induce cell proliferation, cell 

survival, genome instability [3]. The E6 oncoproteins of high-risk HPVs, but not those of low-risk HPVs, 

interfere with the transcriptional activity of p53 and induce p53 degradation. E6-associated protein (E6AP), 

the founding member of the HECT E3 ubiquitin ligase family, has been found to mediate the binding 

between E6 and p53 [4]. The role of E6AP in E6-mediated p53 degradation has been well characterized in 

vitro and in vivo: E6, E6AP, and p53 form a complex that directs the ligase activity of E6AP to p53, 

subsequently triggering p53 degradation through the intracellular ubiquitin-proteasome system [5]. 

 

While the major mechanism of E6- mediated oncogenesis is exerted through its ability to suppress the pro-

apoptotic effects of p53 (Figure 1), recent studies have demonstrated that E6 binds to several cellular 

proteins and induces their ubiquitination and degradation in an E6AP-dependent manner [6]. 
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Figure 2: relationship between the E6 mediator and p53, and induces their ubiquitination and degradation 

in an E6AP-dependent manner [6]. 

 

The purpose of our study was to analyze in Moroccan patients, the frequency of methylation of promoter 

TP53 in positive HPV virus. 

 

2. Material and methods 

 

2.1 Patients and tissue samples 

Fifty breast biopsies derived from hospital university centre (CHU) Ibn Rochd in Casablanca, Morocco, 

between December 2018 and June 2019, belong women already diagnosed with breast cancer. The age of 

patients at diagnosis ranged from 31 to 70 years, with a median of 47 years. Along with every sample, the 

age and tumor stage were recorded. Required Ethical approval was obtained from the committee of 

biomedical research ethics in Morocco (No. 3/2018/30 April/2018-Morocco). 

 

2.2 DNA extraction 

Aliquots of 25 mg of samples were digested with 200 μl of digestion buffer containing 20µl of proteinase K 

(20 mg/ml) at 55ºC for 1 to 4 hours. DNA extraction from breast cancer biopsies was performed using the 

PureLink Genomic DNA kit (Invitrogen) according to the manufacturer’s instructions. Extracted DNA was 

eluted in 25 to 50μL of water and stored at -20ºC until further use. To evaluate the efficiency of DNA 

extraction, all samples were subjects to β-globin amplification by PCR using PC04 and GH20 specific 

primers as reported previously (Table 1) [7]. 

 

2.3 Sodium bisulfite conversion and methylation-specific PCR  

The conversion of DNA by sodium bisulfite was performed as described previously [8]. Bisulfite treatment 

was performed using an EZ DNA Methylation Gold Kit (ZYMO Research) according to the manufacturer's 

protocol. Briefly, 1–2 µg of genomic DNA was denatured with 2 M NaOH (final concentration of 0.2 M) at 

50 °C for 20 min, followed by incubation with freshly prepared 2.5 M sodium bisulfite/1 M hydroquinone 

(pH 5.0) in a total volume of 520 ml, at 70 °C for 18 hours. The modification of the DNA completed by the 

addition of 5 ml of 3 M NaOH at room temperature for 10 min. The precipitation of the modified DNA was 

carried out through the addition of 75 ml of ammonium acetate 5 M (pH 7.0) and 350 ml of ethanol. The 

bisulfite-modified DNA was resuspended in 100 ml of sterile water and stored at 20 °C or immediately used 

for MS-PCR analysis. 

 

2.4 Methylation-specific PCR (MSP) 
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The PCR amplification was performed with treated DNA as template in a total volume of 25 ml containing 

0.25 mM of each primer pair, 200 mM of each dNTP, Tris–HCl (pH 8.3), 50 mM KCl, 2.5 mM MgCl2, 1 

unit of Taq DNA polymerase (Bioline).  Using the primers indicated in the table below (Table 1). Cycling 

conditions were as follows: denaturation at 95 °C for 5 min, followed by 35 cycles of 30 s at 95 °C, for 30 s 

at the specific temperature and 30 s at 72 °C, The reaction was finished with a 5 min extension at 72 °C. 

Primers sequences of TP53 have been reported in the table 1. [9] 

 

Table 1: Primers used for TP53 Hypermethylated in the promotor and MMTV detection 

 Primer 
Sequences 

5’→3’ 

Annealing 

temperature 
Size (Bp) 

β-globin 

primers 

PC04 CAA CTT CAT CCACGTTCACC 
54°C 256 

GH20 GAAGAGCCAAGGACAGGTAC 

HPV primers 

MY09 CGTCCMARRGGAWACTGATC 
55°C 450 

MY11 GCMCAGGGWCATAAYAATGG 

GP5+ TTTGTTACTGTGGTAGATACTAC 
55°C 150 

GP6+ CTTATACTAAATGTCAAATAAAAA 

TP53 
F TTCGGTAGGCGGATTATTTG 

49°C 179 
R AAATATCCCCGAAACCCAAC 

 

2.5 Detection of HPV 

Detection of HPV sequences was performed using a nested PCR approach. DNA was first amplified with 

MY09/MY primers that was used as a template for the second PCR amplification using GP+/ + primers 

(Table 1). For PCR, the mixture contained 200 ng of DNA for the first PCR and 2 µl of PCR product for the 

second PCR, 15 mM MgCl2, 800 µM of each dNTPs, 50 µM of each primer and 1.25 U from Hot Star 

TaqDNA polymerase (Invitrogen) in 25µl of 1x buffer. The mixture was initially denatured at 95°C during 

5 minutes followed by 35 cycles with denaturation at 94°C for 45 sec, primers’ hybridization at the 

corresponding annealing temperature for 45 sec and extension at 72° for 45 sec. At the end of the last cycle, 

the mixture was further incubated at 72°C for 5 min. For each reaction, sterile water and DNA extracted 

from HPV positive SiHa cell line were used as as negative and positive controls, respectively. PCR 

products were visualized by electrophoresis on 1.5% agarose gels after staining with ethidium bromide (10 

mg/ml). 

 

PCR products were electrophoresed in 2% agarose gels containing 3 μL of ethidium bromide and visualized 

in UV light. The Standard PCR precautions and procedures were used to avoid contamination. 

 

3. Statistical analysis 

Statistical analysis was performed to investigate the relationship between HPV presence and the 

methylation of p53 and clinical parameters, by means of Pearson’s chi-square test. Statistical significance 

was defined as p˂ 0.05. 

 

4. Results 

HPV was detected in 72 % of all cases and TP53 in 78 % of the whole studied group (Figure 2). 
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Figure 3: presentation of percentage samples TP53 promotor methylation associated HPV infection in 

breast cancer. 

 

The methylation of the gene promotor p53 is high. In women with breast cancer under the age of 47, TP53 

is methylated with 48.71% (Table 2). While in women aged 47 years TP53 methylated represents 51.28%. 

Samples with a methylated TP53 promoter associated with HPV infection, having 50% respectively for the 

age group less than and over 47 years (Table 2). 

 

Table 2: Clinicopathological characteristics versus methylation of TP53. 

  P53 methyled HPV positive 

 N Positive 

cases 

% p-value Positive cases % p-value 

Age  

˂ 47 ans 20 19 48,71 0,976157 12 33,33 0,854789 

˃ 47 ans 30 20 51,29 24 66,67 

Stade de tumeur  

Métastase 22 14 35,89 0,990968 14 38,89 0,990647 

Tumeur 

maligne 

28 25 64,11 22 61,11 

Taille de tumeur 

˂5 cm 14 10 25,64 
0,965379 

10 27,77 
0,979672 

˃ 5cm 36  29 74,36 26 72,23 

Grade de tumeur 

I 9  5 12,82 

0,481703 

4 11,12 

 0,999336 II 14  8 20,51 8 22,22 

III 27  26 66,67 24 66,66 

ER 

ER+ 26  26 66,67 
 0,074392 

21 58,34 
0.972273 

ER- 24 13 33,33 15 41,66 

Thérapie 

Chémothérapie 30  26 66,67 
0,970068 

16 44,45 
0,95417 

Non-traité 20 13 33,33 20 55,45 
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Lymph node metastasis 

Positif 10 4 10,25 
0,964004 

6 16,66 
0,963509 

Négatif 40 35 89,75 30 83,34 

Récepteur estrogène 

Positif 37 32 82,05 
0,994357 

32 88,88 
0,98544 

Négatif 13 7 17,95 4 11,12 

Récepteur progestérone 

Positif  21 18 46,15 
0,986956 

20 55,55 
 0,95417 

Négatif  29 21 53,85 16 44,45 

Her2 

Positif  11 9 23,07 
0,992277 

8 22,22 
0,978002 

Négatif  39 30 76,93 28 77,78 
All comparisons for statistical significance were performed by use of Fisher’s exact test, The result is not 

significant at p < .05. 

 

No significance between the clinicopathological parameters and the methylation of the p53 gene promoter 

associated with HPV infection. 

 

5. Discussion 

The p53 gene introduces G1 shutdown into the cell cycle to allow repair of DNA damage and prevent the 

cell from entering phase S. In our study, the total frequency of methylation of the TP53 promoter was 

identified in 78% of cases. The tumor suppressor p53 was degraded by oncoprotein E6 and E7 of the human 

papillomavirus. From a molecular point of view, high-risk HPV tumours are characterized by genomic 

instability, due to dysregulation of the epigenetic control cell cycle induced by E6 and E7 HR-HPV 

oncoproteins [10]. Viral infection, particularly infection with DNA viruses and retroviruses, can induce the 

insertion of viral DNA sequences into the host cell genome. This infection often triggers the host defense 

mechanism, in particular the mechanisms of DNA methylation, inducing the methylation of the viral 

genome. Viral DNA methylation is an effective method of inhibiting viral gene expression. On the other 

hand, viral infection is one of many factors that have been linked to the development of different human 

cancers. Indeed, the virus genome can induce a deregulation of the genome of host cells infected by 

mutations, insertions and chromosomal rearrangements. In addition to the introduction of genetic 

modifications by the presence of the viral genome is correlated with an aberrant methylation profile of 

certain tumour suppressor genes. However, the molecular bases of virus-associated methylation are still 

unknown, but may be the result of overexpression of key DNMTs methylation enzymes. Indeed, the 

increased activation of DNA methylation are not characteristics specific to a given virus but are shared by 

several oncogenic viruses. In addition, it has been shown that in lung cancers, the presence of the HPV virus 

appears to increase the expression of DNMT3b [11]. Although no viral oncoprotein has been identified as 

inducing overexpression of DNMT3b, a recent study has now proven that the HPV E7 protein induces 

increased DNA methyltransferase activity [12].  

 

In the normal case, in G1 and in the absence of HPV, the phosphorylated pRb protein is linked to E2F, thus 

inhibiting transcriptional function: the cellular genes controlled by E2F are not expressed. In G1/S, pRb is 

phosphorylated under the action of kinases producing the dissociation of the E2F-pRb complex and E2F 

restores the transcriptional function, thus regulating the gene expression in phase S. During this phase, the 

function is modulated by the link to the p107 protein. Some proteins from p53 mutation bind to DNA and 

help block transcriptional function [13]. In the case of cancer, functional inactivation of p53 after binding of 

viral oncoproteins such as HPV E6 of papillomavirus. The E6 proteins of papillomavirus bind to the p53 
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protein and thus contribute to its degradation [14]. The expression of the E6-E7 genes of HPV, is probably 

not sufficient to allow tumor growth. The contribution of mutagenic factors (tobacco, infectious and 

hormonal factors) on tumour lesions 'promoted' to transformation is probably important, as suggested by 

clinical and epidemiological data [15].  In case of cancer, and in the presence of HPV, the E7 protein binds 

to the phosphorylated pRb protein, releasing negative pRb control on the transcriptional function of E2F. As 

the cycle progresses and pRb is phosphorylated, HPV E7 is dissociated from the latter. The free E7 proteins 

then bind to the p107 protein, thus preventing the inactivation of E2F in phase S. The cell cycle is disrupted 

by the continued transactivation of E2F-controlled genes. 

 

 
Figure 4: Schematic representation of E6 and E7 activities in cells infected [16]. 

 

HPV is considered a direct carcinogen because it expresses viral oncogenes that can directly transform host 

cells. During direct oncogenesis, some or all of the viral genome integrates with the host genome and alters 

the pathways of proliferation and survival in the host cell [17]. 

 

5.1 DNA methylation and virus 

Infection with DNA viruses can induce the insertion of viral DNA sequences into the host cell genome. 

This infection often triggers the host defense mechanism, in particular the mechanisms of DNA 

methylation, inducing the methylation of the viral genome [18]. Viral DNA methylation is an effective 

method of inhibiting viral gene expression. On the other hand, viral infection is one of many factors that 

have been linked to the development of different human cancers. Indeed, the virus genome can induce a 

deregulation of the genome of host cells infected by mutations, insertions and chromosomal 

rearrangements. In addition to the introduction of genetic modifications, the presence of the viral genome is 

correlated with an aberrant methylation profile of certain tumour suppressor genes. However, the molecular 

bases of virus-associated methylation are still unknown, but may be the result of overexpression of key 

DNMTs methylation enzymes. Indeed, the increased activation of DNA methylation and the decrease of 

histone acetylation are not characteristics specific to a given virus but are shared by several oncogenic 

viruses. EBV’s oncoprotein LMP1 is the key viral protein inducing oncogene from this virus and has been 

shown to induce activation of methyltransferase expression [19]. On the other hand, hepatitis B virus HBx 

protein, polyomavirus BK large T antigen and adenovirus oncogene E1A were involved in the activation of 
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DNMT1 [20]. On the other hand, it has been proven that the large T antigen of the SV40 virus enables the 

activation of DNA methylation by overexpression of DNMT3b [21]. In addition, it has been shown that in 

lung cancers, the presence of HPV virus appears to increase expression of DNMT3b [22].  Although no 

viral oncoprotein has been identified as inducing overexpression of DNMT3b, one study has shown that 

HPV protein E7 induces increased methyltransferase activity in DNA [23]. The HPV16 genome contains 

several genes that encode proteins that are transcribed following differentiation of infected cells [24]. 

Methylation of the gene promoter is intended to make gene expression silent. Currently, however, the 

correlation between epigenetic changes in gene expression and breast cancer progression is not fully 

demonstrated [25]. Most infectious agents associated with cancer, including viruses, can be divided into two 

categories, indirect and direct carcinogens. Indirect carcinogens cause cancer through chronic infection and 

inflammation that lead to carcinogenic mutations in host cells. Chronic inflammation is prolonged exposure 

to inflammatory mediators such as free radicals, prostaglandins and cytokines. It can cause DNA damage 

and oncogenic mutations in the host [26]. 

 

6. Conclusion 

The results of this study confirmed that methylation of the promotor of the p53 gene is common in sporadic 

breast cancer associated with HPV infection. Future studies are, however, needed in a larger group of 

patients on role mechanisms in cell carcinoma. When well understood, biomarkers of methylation can help 

assess the prevention, in targeted treatment and in the development of diagnostic methods, of early stages of 

mucosal tumour. 
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